Abstract Growth retardation remains a clinical problem in children with chronic kidney disease (CKD) prior to and during end-stage renal disease. The growth of approximately 40 % of children on dialysis is stunted. Even so, growth hormone treatment (GH) is not used in the majority of small children prior to transplantation. Also, GH is effective in improving growth after transplantation, but again, it is only rarely used in this situation mainly for fear of triggering rejection episodes. In controlled studies, the number of patients who developed rejection episodes with GH was no greater than the number in untreated controls. However, patients with prior frequent rejection episodes developed further repeated subsequent rejection episodes. Many patients with repeated rejection episodes before GH treatment have reduced renal function and are expected to proceed to dialysis or retransplantation. We believe that in these patients, early individual decisions for or against GH treatment should be made as soon as other treatment strategies, such as steroid withdrawal, have failed or are not indicated. Decisions for GH treatment at a later pubertal age come too late for significant growth response and/or improvement of final height.
Introduction
Cheng et al. publish in this issue a meta-analysis on growth hormone (GH) treatment in short children with renal transplantation (TPL) [1] . The authors conclude and confirm that GH treatment is highly effective in improving growth, but safety "needs further evaluation." The latter statement deserves comment. Fear of rejection episodes has prevented regular use of GH in transplanted children during the last two decades. At the same time, steroid withdrawal [2] or even steroid-free immunosuppression [3] became a popular new strategy to improve growth after TPL. This raises the question of whether GH treatment is needed at all in transplanted children. We believe that there are still many patients who can benefit from GH treatment.
Growth before end-stage renal disease
In general, conservative treatment in children with chronic kidney disease (CKD) has improved greatly over recent decades. Proper nutrition is now recognized as an important precondition to prevent chronic kidney disease-bone and mineral disorder (CKD-BMD). It has been claimed frequently that adequate nutrition will solve most growth problems [4] . Contrary to expectations, however, growth retardation and stunting persist in a significant proportion of children at time of dialysis treatment. In selected and unselected cohorts of dialyzed patients, height standard deviation score (SDS) is reported to be below the 3rd percentile or below -2SDS in more than 40 % of the children [5, 6] . Even in centers with optimal nutrition strategies, more than 40 % of dialyzed patients present with a height SDS <−2SD and the mean growth during dialysis only paralleled existing centiles but did not manifest catchup growth [7] .
Tube feeding and adequate protein/calorie intake improve growth in infants and young children with CKD. However, interpolation of the early growth response until the time of final height provided a too optimistic view [8] , and analysis of the same patients 10 years later showed disappointing results [9] . Despite optimal nutrition, growth remained suboptimal in many young patients, although they became obese [10] . The results from the International Peritoneal Dialysis Registry Study demonstrate that this is a world-wide phenomenon [11] .
Two recent reports from the US analyzing height, growth, and frequency of GH treatment in children of all age groups with CKD reported that the frequency of growth retardation is still >40 % [12, 13] . GH treatment was used in <50 % of stunted children with CKD [14] . The authors recommended that the growth of those patients be followed more closely and that GH be prescribed earlier and more frequently.
Growth and final height at renal transplantation Analysis of North American Pediatric Renal Trials and Collaborative Studies (NAPRTCS) data in 2006 showed a mean height SDS of −1.5 at the time of renal transplantation [14] . These somewhat better growth data in comparison with children on dialysis, as reported above, might be explained by different age groups and by patients undergoing preemptive transplantation for which the NAPRTCS data were not corrected. Only children up to 5 years old exhibited catch-up growth mainly during the first 2 years posttransplantation. In various single-center studies published between 2000 and 2011, the frequency of final height SDS <−2SD varied between 32 % and 77 % [15] [16] [17] [18] [19] . Even today, the clinical problem of stunting seems to be greater than is anticipated by the community.
Growth after steroid avoidance for renal transplantation
Complete avoidance [3] or selective withdrawal [2] of corticosteroids leads without doubt to significant improvement in growth. This is reported especially for young children, who are known to have the best growth rates even with corticosteroid-based treatment regiments. In the multicenter study of Sarwal et al. [3] , the subgroup of recipients <5 years of age showed improvement in height SDS (1.07 ± 1.14 within 3 years) with complete avoidance of corticosteroids when compared with patients on steroid-based treatment (0.43 ± 1.15). Late selective withdrawal of corticosteroids in the randomized study of Höcker et al. [2] improved height SDS by +0.6 ± 0.1 within 2 years compared with −0.2 ± 0.1 in controls. In both reported studies, as in most others, negative effects regarding rejection episodes and renal function were noted only rarely. One must keep in mind that so far, growth and renal function were observed only in the short to medium term. In most steroid withdrawal studies, the immunosuppressive regiments compensate for steroid withdrawal by increasing target levels of calcineurin inhibitors or by adding other drugs (for instance, antibodies such as daclizumab) [3] . Future long-term studies must show whether or not renal function is negatively influenced by the new immunosuppressive regiments. This is expected at least for high levels of calcineurin inhibitors. It is further expected that the growth effect of steroid avoidance will decrease with age.
Growth hormone treatment after renal transplantation
The meta-analysis by Cheng et al. [1] and the Cochrane Review analysis from February 2012 [20] 
The first large randomized clinical study from France involving 90 short children after TPL did not show a significant difference between study and control patients [21] . The number of patients with rejection episodes in both groups was not significantly different. However, patients with two and more rejection episodes before the start of the study had more frequent rejection episodes when treated with GH (6 of 17 vs 1 of 22). This difference was significant. The French study was part of a larger multicentre, multicountry study in which 204 patients were enrolled and followed for 2 years. The responsible sponsor decided not to publish the 1-and 2-year results of the complete study because of violations of the protocol (early start of study in some centers). The unpublished 1-and 2-year results were similar to the published French results [22] . Deterioration of renal function was not negatively influenced by GH treatment. Also, the number of patients with rejection episodes was not significantly different between GH and control patients. In contrast, patients with prior frequent rejection episodes were reported to have more rejection episodes with GH. However, the study was not designed to study GH effect for acute rejection episodes but to assess the GH effect on renal function. "Acute rejection episode" was not defined in the protocol, and data started to be collected 2 years after study initiation. One major limitation was the missing confirmation of rejection episodes by renal biopsy in about 50 % of patients and controls. It is likely that an increase in serum creatinine level during the test phase of an investigational drug was assumed to be a rejection episode by the responsible physician. Without doubt, it was more tempting to perform such clinical interpretation in the treatment group.
In the small controlled study of Maxwell and Rees, the presumed number of acute rejection episodes was not different between GH and control groups [23] . The only randomized study with protocol biopsies prior to randomization and strict confirmation of rejection by repeated biopsies was performed in the USA in 68 patients over a period of 2 years [24] . All patients had a renal biopsy at trial initiation, and all clinical rejection episodes had to be confirmed by biopsy. Two important results were obtained: First, three patients unexpectedly showed histological signs of rejection prior to study initiation, demonstrating how difficult the clinical identification of a stable patient can be. Second, in the control group only, three de novo rejection episodes were confirmed by biopsy during the first study year, whereas no rejection was noted in the treatment group. Nota bene, the total incidence of acute rejection episodes was low in comparison with other published studies. The study also confirmed that patients with two or more rejection episodes in the past were predisposed to repeated rejection episodes. Therefore, more than one acute rejection episode may identify a patient population that is suboptimally immunosuppressed or more immunoreactive. However, data did not facilitate identification of GH treatment as precipitating an acute rejection episode.
It is not likely that new prospective randomized studies will be performed in the future. Therefore, we must live with the data we have. It has not been proven that GH treatment triggers rejection episodes in stable patients. Similarly, no study demonstrating GH-triggered rejection episodes has been published for short children after liver transplantation [25] . Renal patients who respond to steroid avoidance and grow well do not require GH treatment. But how should we proceed in nongrowing, short, transplanted patients? Patients with chronic rejection or repeated rejection episodes are at risk of new episodes with or without GH treatment. An increased risk with GH is not proven but cannot be ruled out, either. If there is a risk at all, it will be small.
Is GH treatment therefore contraindicated in those patients? We do not support this type of reasoning. Patients with frequent rejection episodes and decreased renal function do not show satisfactory growth and often receive glucocorticoids. In addition, many of those patients are peripubertal and at great risk of attaining subnormal final height. In those patients, both treating physicians and patients' families should make an early and clear decision for or against GH treatment. If necessary, this should be done with the help of specialists.
We are aware that neither in the USA nor in Europe is GH approved for treatment of growth failure after transplantation. In Germany, insurance companies usually pay for the treatment if the patient has a reduced glomerular filtration rate (GFR) of 50 % of normal. The American Association of Clinical Endocrinology did not recommend the use of GH in transplanted patients outside research studies [26] . In contrast, The National Kidney Foundation Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines do not exclude small transplanted patients from treatment if renal function is impaired [27] . Until alternative promising treatment strategy has been found, individual decisions seem justified. A "wait and see" approach is not a recommendable strategy. Early GH treatment has higher chances of success than treatment attempts at the last moment. The initial degree of stunting and of bone-age retardation, GH therapy duration, time spent on conservative treatment/dialysis, pubertal delay (>2 SD), gender, and age at start of GH treatment are independent predictors of growth response to GH therapy, explaining >50 % of the overall variability [28] .
Conclusion
Growth hormone remains one alternative treatment strategy for small children after renal transplantation. It is safe, and it can be prescribed in individual patients if steroid avoidance is not successful. Minor and infrequent growth response to steroid avoidance is expected mainly in older patients who, however, represent the majority of transplanted patients in the pediatric population.
